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INTRODUCTION 


During  the  period  8-26  Mky  1978,  scientists  from 
several  Navy  activities,  private  research  organizations 
and  universities  collaborated  in  a multipurpose  data 
gathering  effort  referred  to  as  CEWCOM-78  (1978  Cooperative 
Experiment  in  West  Coast  O^ceanography  and  Meteorology)  . 

The  geographical  area  chosen  for  the  measurements  was 
San  Nicolas  Island  (SNI)  and  vicinity.  This  island 
is  the  outermost  of  the  Channel  Islands  of  southern 
California,  shown  in  Fig.  1. 

One  purpose  of  this  CEWCOM  exercise  was  to  deter- 
[ mine  the  extent  to  which  the  lower  300m  or  so  of  the 

atmosphere  at  SNI  is  representative  of  open  ocean  versus 
coastal  conditions.  Toward  this  end,  a variety  of  atmos- 
pheric variables  were  measured  at  several  shore  stations 
on  the  windward  side  of  the  island,  as  well  as  from 
aboard  a research  ship  and  an  instrumented  aircraft. 

The  principal  shore  station  was  a tower  for  micrometeoro- 
logical  measurements  that  was  operated  by  the  Atmospheric 
Physics  Branch,  Ocean  Sciences  Division  of  the  Naval 
Research  Laboratory  (NRL) . The  atmospheric  variables 
that  were  monitored  at  this  site  included  particulate 
aerosol  size  spectra,  turbulence  characteristics,  radon 
background  radioactivity,  and  the  usual  meteorological 
variables  such  as  air  ten^jerature,  dew  point,  and  wind 
speed,  for  example. 

This  present  report  contains  data  only  on  the  aerosol 
size  spectra  obtained  on  the  NRL  tower.  An  appendix 
contains  day-to-day  observations  by  the  author  on  the 
local  meteorological  conditions  during  the  CEWCOM-78 
exercise.  As  a result  of  these  observations,  several 
facts  are  emphasized  that  should  be  taken  into  account 
in  the  interpretation  of  measurements  made  at  other 
locations  on  the  island.  These  observations  also  have 

implications  on  the  design  euid  implementation  of  optical  i 

transmission  experiments  that  are  to  be  representative 
of  slant  paths  or  of  lines  of  sight  that  are  at  various 
altitudes  between  sea  level  and  400  meters. 

! 

Reports  and  publications  covering  other  aspects 
of  the  CEWCOM-78  measurements  are  forthcoming  from  the 
other  researchers  involved.  In  particular,  the  meteoro- 
logical data  obtained  at  the  NRL  tower  are  contained 
in  the  report  by  Blanc^. 

Note:  Maniucript  (ubmitted  December  26,  1978. 
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DESCRIPTION  OF  FIELD  SITE  AND  APPARATUS 

I 

The  NRL  micrometeorological  tower  was  located  only 
20m  from  the  high  tide  waterline  on  the  northwest  point 
of  SNI  (see  map  in  Fig.  2 and  photo  in  Fig.  3) . This 
location  was  chosen  in  order  to  be  on  the  windward  side 
of  the  islzmd,  as  free  from  surf  generated  influences 
as  possible,  and  to  be  near  the  optical  transmission 
paths  in  use  across  nearby  Laser  Bay. 

The  20m  high  tower  (Fig.  4)  was  outfitted  with  instru- 
mented booms  at  the  5m  and  17m  levels  which  correspond 
to  11  and  23m  above  mean  sea  level  (msl) , respectively. 

A complete  description  of  the  tower  and  the  associated 
sensors,  instruments,  emd  mobile  recording  laboratory 
is  given  elsewhere^.  The  aerosol  particle  size  spectro- 
meter probe  was  located  on  a landing  at  the  20m  (msl) 
elevation. 

The  aerosol  sizing  instrument  was  an  Axially  Scatter- 
ing Spectrometer  Probe  (ASSP) , a single  particle  optical 
counter  manufactured  by  Particle  Measuring  Systems  (PMS) , 
Inc.  This  probe  model  is  an  ^ situ  type  originally 
designed  for  aircraft  use.  It  has  the  advantage  that 
the  sampling  volume  is  open  to  the  environment  so  that 
isokinetic  sampling  is  possible.  This  avoids  the  loss 
or  modification  of  sampled  particles  that  is  possible 
in  sensors  where  ducting  is  used  to  bring  the  seunpled 
air  into  an  interior  sensitive  volume. 

In  stationary,  outdoor  installations  the  probe  is 
aspirated  by  natural  wind  advection  through  the  sampling 
chamber.  Proper  sampling  conditions  are  met  as  long 
as  the  probe  inlet  is  kept  oriented  into  the  wind  and 
the  windspeed  is  at  least  2 or  3 m/sec.  An  anemometer 
located  within  one  or  two  meters  of  the  probe  provides 
the  airspeed  data  required  to  compute  the  volume  of  air 
sampled  by  the  probe  during  a given  measuring  interval. 
During  calm  or  low  wind  conditions  the  probe  is  suction 
aspirated  by  connecting  a length  of  1 inch  dieuneter  tubing 
from  the  outlet  side  of  the  probe  to  the  intake  port 
of  a variable  speed  blower.  The  blower  is  normally 
adjusted  to  provide  an  airspeed  of  9.75m/sec  through 
the  probe  sampling  chamber.  The  corresponding  volume 
flow  rate  through  the  sensitive  portion  of  the  particle 
illuminating  laser  beam  is  then  304cm^/min.  Suction 
produced  (anisokinetic)  air  flow  rates  greater  than  this 
are  known  to  involve  the  risk  of  distorting  the  shape 
of  the  particle  size  spectrum  and  artificially  reducing 
the  indicated  particle  number  density. 2 


The  ASSP  was  used  to  obtain  as  a function  of  time 
the  total  particle  number  density  (number  per  cm^)  and 
the  size  spectrum  (number  per  cm^  per  um  radius  interval 
vs.  particle  size)  over  the  particle  size  ranue  of  0.7- 
46iin)  diameter.  The  ambient  aerosol  population  at  the 
20m  msl  location  was  monitored  continuously  except  for 
periods  of  maintenance  and  for  two  particle  spectrometer 
comparison  sessions  at  the  Site  A installation  on  the 
island.  The  ASSP  has  four,  selectable,  overlapping 
size  ranges  covering  the  interval  0.7  to  46nm  in  particle 
diameter.  Each  range  is  subdivided  into  fifteen  particle 
size  categories,  or  channels,  as  listed  in  Table  1. 
Particle  counts  were  allowed  to  accumulate  for  10,  30, 
or  60  seconds,  depending  on  the  rate  of  accumulation. 

At  the  end  of  each  intervv^l  the  counts  in  each  channel 
of  the  range  in  use  at  that  time  were  automatically 
recorded  on  digital  magnetic  tape.  The  probe  was  set 
to  alternate  between  any  two  preselected  ranges,  with 
a given  range  being  in  use  for  a complete  10,  30,  or 
60  sec  sampling  interval.  Ranges  4 and  2 were  generally 
selected  except  when  fog  or  heavy  haze  warranted  the 
use  of  range  1 instead  of  range  2. 

EXPLANATION  OF  DATA  TABLE  (Table  11) 

Listed  in  the  main  body  of  the  table  are  values 
of  dn/dr  (number  of  particles  per  cra^  per  vim  radius  in- 
terval) computed  from  the  ASSP  particle  counts  averaged 
over  20  minute  intervals.  The  particle  radius  associated 
with  each  column  was  arbitrarily  chosen  .as  the  ctuvter 
of  the  corresponding  p.article  size  channel.  Other  repre- 
sentative radii  can  be  chosen,  however.  For  example, 
one  may  prefer  to  weight  the  range  of  radii  within  the 
channels  by  the  population  of  particles  in  adjacent  size 
channels. 

The  values  of  dn/dr  are  computed  by  use  of  the  simple 
relationship 


> -JL-  » 

dr  VW 

where  N is  the  recorded  p.article  count  accumulated  in 
a given  size  channel  during  the  sampling  interval,  V is 
the  volume  of  air  (cm-’)  aspirated  through  the  sensitive 
portion  of  the  laser  beam  during  this  time,  and  W is  the 
width  of  the  size  channel  in  terms  of  particle  ravlius. 
The  entries  for  dn/dr  are  expressed  in  computerized  sci- 
entific notation  where  .14Ef2,  for  example,  represents 
the  number  14. 


Due  to  an  intermlttant  data  cable  that  was  not  re- 
pairable in  the  field,  the  units  digit  of  the  accumulated 
particle  count  in  the  size  channels  was  often  lost  on 
the  way  to  the  magnetic  tape  recorder.  This  has  no  notice- 
able effect  when  the  accumulated  count  in  a given  channel 
is  greater  than  two  hundred  or  so.  However,  an  accumulated 
count  of  99,  for  example,  would  frequently  be  recorded 
as  only  90,  resulting  in  about  a 10%  underindication 
of  the  true  particle  count.  For  size  channels  with  fewer 
total  counts  the  probable  error  is  even  greater. 

This  effect  has  been  partially  compensated  by  the 
use  of  the  following  restoration  scheme  in  the  computer 
processing. 

(a)  If  the  indicated,  raw  particle  count  is  200 
or  greater  in  a given  size  channel  then  no  correction 

is  made.  This  results  in  an  error  of  5%  or  less,  depend- 
ing on  the  magnitude  of  the  indicated  count. 

(b)  If  the  raw  count  is  less  than  200  and  the  units 
digit  is  zero  (indicating  the  probable  loss  of  the  true 
units  value) , then  the  original  count  is  replaced  by  the 
average  of  the  counts  in  the  same  size  channel  during 
the  measuring  intervals  immediately  preceding  and  follow- 
ing the  record  in  question.  The  corrected  count  is  not 
allowed  to  differ  from  the  original  count  in  other  than 
the  units  place,  however.  For  example,  if  a computed 
average  were  \.o  call  for  the  replacement  of  an  original 
count  of  60  by  a number  larger  than  69  or  less  than  60, 
the  replacement  value  would  be  limited  to  69  or  60,  re- 
spectively. 

The  net  result  of  this  defect  in  data  transmission 
is  an  underestimation  of  dn/dr  generally  for  particle 
sizes  larger  than  about  3um  radius.  The  described  correct- 
ion scheme  restores  lost  counts  with  an  accuracy  close 
to  the  natural  variation  in  particle  count  from  one  sample 
to  the  next,  except  for  size  channels  where  the  accumulated 
count  is  frequently  zero  anyway.  For  the  latter  case 
where  the  averasje  value  computed  to  replace  the  raw  count 
is  zero  more  than  10%  of  the  time  during  the  twenty  minute 
averaging  period,  the  entries  for  dn/dr  have  been  rounded 
to  one  significant  digit  in  the  tables  as  an  indication 
that  they  are  probably  severely  underestimated. 

Finally,  the  assumptions  involved  in  the  ASSP  calibra- 
tion should  be  mentioned  here.  The  threshold  radii  assigned 
to  the  various  size  channels  correspond  to  the  expected 
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probe  response  function2  for  water  droplets  of  refractive 
index  n=1.33.  It  is  assumed  that  most  of  the  maritime 
aerosol  particles  in  the  size  range  to  which  the  ASSP 
is  sensitive  exist  as  solution  droplets  of  sea  salt  or 
other  soluble  material  at  relative  humidities  greater 
than  about  50%.  It  is  further  assumed  that  these  droplets 
are  sufficiently  dilute  that  the  actual  refractive  index 
is  the  seune  as  for  pure  water.  In  any  case,  except  possibly 
for  strong  Santa  Ana  conditions,  realistic  deviations 
from  n=1.33  are  likely  to  be  small  enough  that  an  error 
of  no  more  than  one  size  channel  will  be  made  when  the 
response  curve  for  water  droplets  is  used  to  determine 
the  size  of  these  particles.  This  amount  of  error  is  within 
the  manufacturers  claim  of  accuracy  any';ay. 

ADDITIONAL  INFORMATION  AND  OBSERVATIONS 

1.  Suitability  of  the  Selected  NRL  Tower  Site  for 
Representative  Sampling  of  Open  Water  Aerosols. 

A principal  question  prior  to  this  initial  measure- 
ment exercise  at  SNI  was  whether  any  portion  of  the  NRL 
tower  would  be  cibove  the  influence  of  the  spray  generated 
in  the  nearby  surf  upwind  of  the  tower.  If  not,  then, 
of  course,  the  particle  size  distributions  would  not  be 
representative  of  populations  over  the  open  water  in  the 
nearby  ocean. 

It  was  found  that  the  vertical  extent  of  surf  gener- 
ated spray  at  the  tower  site  could  easily  be  observed 
at  night  with  the  use  of  a strong  beam  flashlight.  To 
the  dark  adapted  eye  looking  along  the  flashlight  beam 
toward  the  night  sky  background,  surf  spray  was  manifested 
by  puffs  or  patches  of  "backscatter"  drifting  with  the 
wind  across  the  beam.  With  more  difficulty,  this  could 
also  be  done  in  the  daytime  by  viewing  upward  along  shafts 
of  sunlight  alongside  the  shadows  formed  by  the  legs  and 
structural  members  of  the  tower.  By  standing  with  one’s 
face  in  a shadow  so  that  the  sun's  disc  is  barely  hidden, 
puffs  of  spray  can  be  seen  drifting  across  the  adjacent 
shaft  of  direct  sunlight  if  the  eye  views  upward  toward 
a cloudless  sky  from  a position  just  inside  the  shadow. 

From  the  easier  nightime  observations  it  was  found 
that  for  windspeeds  in  excess  of  about  5m/sec,  the  puffs 
of  surf  generated  spray  did  not  reach  the  fourth  landing 
(20m  msl)  where  the  ASSP  was  located.  There  was  much 
patchiness  and  irregularity  to  the  backscatter  in  the 
flashlight  becun  between  the  ground  and  the  level  of  the 
first  instrumented  boom  (11m  msl) . On  the  second  and 
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third  landings  (14m  and  17m  msl,  respectively)  there  were 
occasional  "bursts"  of  aerosol  crossing  the  beam,  but 
at  the  fourth  landing  the  bac)cscatter  in  the  beam  was 
uniform  and  constant  at  a "bac)cground"  intensity. 

When  the  windspeed  was  less  than  one  or  two  meters/sec, 
occasional  puffs  of  bacJcscatter  could  be  seen  in  the  flash- 
light beam  even  at  the  fourth  platform  level.  Apparently 
the  surf  generated  spray  occasionally  has  time  to  diffuse 
and  mix  upward  to  this  height  by  the  time  it  has  been 
advected  to  the  location  of  the  tower  in  these  low  wind 
conditions,  or  during  conditions  of  extreme  low  tide. 

2.  Presence  of  Surf  Generated  Spray  and  Occasional 
Dust  at  OSP  Site  A. 

Similar  observations  at  Site  A (Fig.  3)  both  at  night 
and  in  the  daytime  revealed  the  general  presence  of  "patches" 
of  aerosol  material  being  advected  vip  the  hill  from  the 
surf  zone.  These  "patches"  appeared  to  extend  to  heights 
well  above  any  of  the  particle  sensors,  visibility  meters, 
etc.,  that  were  installed  at  this  location.  Thus,  it 
is  expected  that  particle  measurements  made  at  this  location 
and  at  Site  D will  indicate  particle  concentrations  that 
are,  on  the  average,  too  great  to  be  representative  of 
actual  aerosol  populations  at  the  seime  height  over  open 
water  or  along  the  transmission  path  from  Site  A to  Sites 
B or  C (Fig.  2).  Point  measurements  of  visibility  will 
also  be  affected. 

From  these  observations  it  is  also  estimated  that 
for  winds  no  more  westerly  than  NN,  less  than  5%  of  the 
length  of  the  transmission  path  across  Laser  Bay  will 
see  this  surf  generated  aerosol.  However,  for  winds  more 
westerly  than  this  greater  lengths  of  the  transmission 
paths  will  be  exposed. 

During  conditions  of  high  NW  winds  (about  lOm/sec 
and  greater)  dust  may  be  picked  up  along  the  ground  between 
the  shore  and  Site  A and  blown  across  the  Site  A location. 
Thus  the  average  particle  count  and  indicated  visibility 
as  measured  at  Site  A will  not  be  representative  of  the 
nearby  open  water  atmosphere  under  these  conditions  either. 

3.  The  Need  for  Slant  Path  Visibility  or  Transmission 
Measurements. 

If  atmospheric  condition  at  SNI  are  representative 
of  maritime  areas  where  the  Navy  may  require  optical  track- 
ing or  sensing  operations  along  slant  paths  through  the 
lower  few  thousand  feet  of  the  atmosphere,  visual  observa- 
tions at  SNI  show  that  there  is  an  obvious  need  for  measure- 
ments related  to  visibility  along  those  slant  paths. 
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On  a number  of  occasions,  as  will  be  found  from  reading 
the  daily  meteorological  notes  in  the  Appendix,  the  visi- 
bility in  this  maritime  location  depends  strongly  on  the 
height  of  the  observer  above  sea  level.  For  excunple, 
it  was  often  found  that  when  the  atmosphere  appeared  quite 
hazy  and  the  horizons  were  xndistinct  when  viewed  from 
the  crest  of  SNI  (270-300m  msl) , the  visibility  improved 
markedly  as  the  observer  descended  the  road  to  the  shore- 
line. In  such  cases  it  was  not  unusual  to  find  the  horizons 
quite  sharp  and  distinct  and  the  distant  haziness  no  longer 
detectable  when  viewed  from  near  sea  level.  This  effect 
is  no  doubt  partly  due  to  the  fact  that  the  apparent  horizon 
is  closer  when  viewed  from  sea  level  rather  than  from 
the  crest  of  the  island.  A closer  horizon  will  be  less 
obscured  by  intervening  haze.  However,  this  altitude 
dependence  of  visibility  is  probably  also  due  to  the 
aerosol  trapping  effects  and  the  increased  relative  hu- 
midity under  the  base  of  the  inversions  frequently  pre- 
sent in  this  West  Coast  locality. 

These  observations  emphatically  demonstrate  the  need 
for  slant  path  measurements  of  variables  such  as  transmit- 
tance, aerosol  size  spectra,  scattering  coefficient,  and 
relative  humidity,  at  least,  if  Navy  operations  involving 
optical  transmission  along  slant  paths  are  contemplated. 

It  is  quite  obvious  that  the  present,  horizontal  transmit- 
tance measurements  at  a fixed  height  cannot  be  applied 
to  slant  path  conditions  or  to  other  fixed  altitudes. 

4.  Discrepancies  Between  Particle  Counters  in  Use 
at  SNI  during  CEWCOM-78. 

Two  informal,  operational,  particle  counter  comparison 
sessions  were  conducted  at  SNI  during  the  CEWCOM  exercise. 
The  results  of  these  comparisons  has  confirmed  earlier 
experienced'^  that  there  can  be  serious  differences  between 
particle  spectrometers  in  terms  of  indicated  values  of 
dn/dr.  These  differences  are  illustrated  in  Fig.  5 where 
data  are  presented  for  two  ASSP  models  that  were  operated 
simultaneously  and  were  aspirated  in  an  identical  manner 
in  a side-by-side  location,  for  the  comparison.  The  ASSP 
owned  by  the  Naval  Ocean  Systems  Center  (NOSC)^  is  seen 
to  indicate,  for  all  particle  sizes,  values  of  dn/dr  that 
are  up  to  an  order  of  magnitude  smaller  than  those  from 
the  NRL  owned  ASSP.  The  data  from  an  NRL  owned  Royco 
(model  225)  and  a PMS  Classical  Scattering  Aerosol  Spectro- 
meter (CSAS)  probe  owned  by  General  Dynamics,  Inc.,  both 
operating  nearby,  tend  to  agree  with  the  NRL  ASSP.  The 
Royco  data®  are  added  in  Fig.  5 and  the  CSAS  data^  are 
in  the  graph  shown  in  Fig.  6 for  a later  time.  The  CSAS 
has  more  scatter  in  this  example  due  to  a low  sampling 
rate  and  a short  sampling  time  during  this  separate 
comparison.  The  Royco  has  channel  widths 
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that  are  rather  wide  for  particle  sizes  larger  than  3vjm 
diameter  so  that  the  Rovco  measurements  are  not  so  well 
suited  for  display  in  a dn/dr  format  for  the  last  three 
Royco  channels  as  they  are  for  the  first  two. 

The  NOSC  owned  ASSPs  are  equipped  with  a custom, 
signal  delay  circuit  designed  to  compensate  for  the  unusually 
long  (15m)  signal  cable  between  the  probe  and  the  separate 
electronics  module  associated  with  these  probes.  It  was 
discovered  during  the  second  comparison  session  at  SNI 
that  if  this  delay  circuit  feature  is  switched  off,  the 
accumulated  particle  counts  increase  by  the  order  of  magni- 
tude needed  to  agree  with  the  NRL  ASSP.  Thus,  the  delay 
circuitry  normally  in  use  with  the  NOSC  ASSPs  may  inadver- 
tantly depress  the  particle  counts  somehow  in  those  probes. 

The  exact  cause  of  these  differences  in  probe  responses 
is  not  yet  really  understood,  however. 

Also,  the  effect  of  these  apparent  errors  in  dn/dr 
on  items  of  interest  such  as  computed  scattering  coefficients 
at  various  wav'elengths , for  example,  is  still  being  assessed. 

At  least  one  future  experiment  is  being  planned  as  a result 
of  these  measuring  discrepancies.  It  will  involve  simultan- 
eous aerosol  measurements  by  the  NOSC  and  NRL  ASSPs  as 
well  as  several  other  particle  counters  in  question,  along 
with  optical  transmission  measurements.  Values  of  transmit- 
tance computed  from  size  spectra  indicated  by  the  various 
particle  spectrometers  will  then  be  compared  to  the  directly 
measured  transmittance  to  determine  which  of  the  particle 
counters  are  most  accurate. 

5.  Observed  Mechanism  for  Suppression  of  Sea  Spray 
in  High  Winds. 

In  attempts  to  incorporate  into  computations  of  optical 
scattering  coefficients  an  analytical  description  of  aerosol 
size  spectra  as  a function  of  meteorological  variables,  the 
windspeed  dependence  observed  by  Woodcock®  has  usually 
been  accepted  by  most  authors.  Woodcock's  measurements 
in  the  tradewind  regime  at  Hawaii  showed  a regular  increase 
with  windspeed  of  the  particle  number  density  in  all  sizes 
larger  than  an  equivalent  Ipm  radius  at  80%  relative  humidity.* 
The  mechanism  is  generally  accepted  to  be  increased  foaming, 
cresting,  and  white  capping  of  the  waves  as  the  windspeed 
increases,  with  the  resulting  spray  being  mixed  upward 
by  turbulence  and  perhaps  convection. 


*Hygroscopic  particles  such  as  sea  spray  will  swell  or 
shrink  as  the  relative  humidity  increases  or  decreases. 

Thus,  when  size  distributions  as  a function  of  other  variables 
are  to  be  compared,  particle  sizes  measured  under  different 
humidity  conditions  should  be  adjusted  by  computation, 
if  possible,  to  a fixed,  reference  value  of  relative  humidity. 
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Recently/  size  spectra  have  been  reported®  from  the 
North  Atlantic  which  show  a decreased  number  density  at 
higher  windspeeds,  contrary  to  Woodcock's  observations. 

Also,  a recent  analysis^®  of  North  Atlantic  Weather  Ship 
data  has  revealed  that  reported  visibilities  tend  to  be 
better  at  high  windspeeds  than  lower,  again  contrary  to 
general  expectations  based  on  Woodcock's  observation  and 
the  wind-driven,  sea  spray  production  mechanism. 

There  are  undoubtedly  a number  of  factors  involved 
simultaneously  in  determining  the  particle  size  spectrum 
or  VSBY  at  a given  location  at  a given  time.  These  factors 
include  sea  surface  bubble  production  (percent  of  surface 
covered  by  whitecaps,  for  example),  atmospheric  convective 
stability,  turbulent  transport  and  mixing  efficiency,  air 
mass  history,  and  relative  humidity.  An  additional,  pre- 
viously unreported  mechanism  was  noted  during  the  high 
wind  conditions  on  May  15  at  SNI,  and  may  help  account 
for  the  reduced  eunount  of  wave  generated  spray  that  gets 
mixed  into  the  atmosphere  under  high  wind  conditions.  The 
measurements  and  observations  (see  Met.  notes  for  May  15 
in  the  Appendix)  on  this  day  certainly  fit  the  situation 
where  the  windspeed  is  high  and  whitecapping  is  widespread, 
but  the  aerosol  particle  count  is  low  and  the  VSBY  is  excellent. 

The  newly  observed  mechanism  involves  the  air  stream 
trajectories  near  large,  cresting  waves.  As  the  waves  become 
larger  and  the  crests  higher  and  sharper,  a lee  vortex  de- 
velops that  drives  crest-generated  spray  back  down  to  the 
water.  This  effect  is  illustrated  in  Fig.  7.  Judging  from 
visual  observations,  the  vortex  appears  to  prevent  a signi- 
ficant portion  of  the  whitecap  spray  on  these  waves  from 
becoming  permanently  airborne.  These  vortices  may  also 
tend  to  remove  spray  particles  already  airborne  but  not 
yet  mixed  to  heights  sufficiently  above  these  cresting  waves 
to  avoid  being  drawn  into  subsequent  vortices.  The  net 
result  may  be  that  the  vortex  mechanism  compensates  to 
some  degree  for  the  increase  in  white  water  spray  production 
and  reduces  the  airborne  particle  load  below  that  which 
may  be  otherwise  anticipated. 

6.  SNI  as  a Platform  for  Optical  Measurements  in  Mari- 
time Clouds. 

The  Navy  has  a continuing  interest  in  may  practical 
problems  associated  with  the  transmission  of  laser  beams 
through  the  maritime  atmosphere.  One  aspect  of  this  problem 
is  the  need  to  determine  the  effect  of  various  types  of 
maritime  clouds  on  the  attenuation,  loss  of  coherency,  and 
target  illumination  capabilities,  for  example,  of  laser 
beams.  Airborne  lasers  and/or  detectors  are  one  way  to 
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reach  the  altitudes  necessary  to  encounter  the  clouds  but 
the  obvious  practical  problems  of  alignment,  vibration, 
and  expense  are  serious  drawbacks.  These  difficulties  can 
be  Avoided  if  suitable  islands  are  found  which  are  high 
enough  to  penetrate  the  low  level  cloud  zone  and  where  clouds 
frequently  exist  at  ground  level  on  an  accessible  portion 
of  the  island.  One  such  island  that  has  been  the  scene 
of  intensive  cloud  studies  in  the  past  is  the  island  of 
Hawaii.  A persistent,  widespread,  orographically  intensi- 
fied cloud  often  forms  at  ground  level  on  the  slopes  of 
Mauna  Kea  as  the  tradewlnds  flow  over  the  island.  The  cloud 
is  about  as  ideal  as  one  can  find  for  a "laboratory"  cloud, 
but  the  remoteness  of  the  location  and  the  primitiveness 
of  the  terrain  limits  the  number  of  feasible  measuring  sites 
and  makes  the  logistics  very  difficult. 

It  is  suggested  here  that  SNI  may  have  been  overlooked 
or  unrecognized  as  a possible,  attractive  alternate  to  Hawaii 
for  use  as  a natural  cloud  laboratory.  It  will  be  seen 
upon  reading  the  Daily  Meteorological  Notes  in  the  Appendix 
that  during  the  CEWCOM-78  exercise,  persistent,,  ground  level 
cloud  was  observed  on  three  different  occasions  along  the 
road  over  the  NW  crest  of  the  island.  On  May  9 and  20  the 
cloud  was  present  all  day,  while  on  May  19  it  lasted  through- 
out the  morning  (and  probably  much  of  the  previous  night) . 

On  the  evening  of  May  14,  clouds  formed  intermittently  at 
that  location  for  periods  of  up  to  half  an  hour. 

This  crest  cloud  on  SNI  is  definitely  orographic  in 
nature  and  therefore  it  will  be  more  dense  in  some  cases 
than  the  clouds  occurring  at  sea  in  the  vicinity  of  the 
island.  But  this  is  also  true  of  the  orographic  cloud  on 
Hawaii.  Although  the  Hawaiian  cloud  forms  in  a remote, 
truly  maritime  environment  (except  for  some  possible,  local 
island  influences) , the  SNI  cloud  is  more  representative 
of  actual  conditions  in  the  West  Coast  operating  area. 

Judging  from  the  radon  background  radioactivity  measurements 
at  SNI  during  CEWCOM-78,  the  crest  clouds  of  May  19  and 
20  formed  in  air  that  definitely  had  been  influenced  by 
the  continent.  The  May  9 cloud  appears  to  have  formed  in 
cider  continental  air  or  in  a mixture  of  continental  and 
maritime  air  just  before  the  arrival  of  a definite,  mari- 
time airmass.  The  May  14  episode  also  occurred  on  the  lead- 
ing edge  of  a maritime  airmass.  From  a scientific  point 
of  view  one  can  summarize  by  pointing  out  that  SNI  is  far 
enough  from  the  mainland  to  1)  generally  avoid  the  heavy 
urban  pollution  associated  with  coastal  sites,  2)  be  exposed 
alternately  to  various  degrees  of  maritime  and  continental 
air  masses,  and  3)  trigger  cloud  formation  that  is  repre- 
sentative of  the  offshore,  coastal-maritime  conditions. 

Finally,  the  logistics  capabilities  and  security  of 
this  Navy  operated  facility  offer  significant  advantages 
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over  other  remote  islands.  There  are  also  several  existing 
buildings  in  the  area  of  interest  on  the  NW  crest  of  SNI. 

It  may  be  possible  to  use  some  of  these  for  instrument 
shelters,  recording  laboratories,  or  at  least  for  a source 
of  electrical  power. 
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APPENDIX:  DAILY  METEOROLOGICAL  NOTES 


The  following  informal  record  of  the  general  meteoro- 
logical conditions  at  SNI  during  the  CEWCOM-78  exercise 
is  included  hero  for  two  reasons.  First,  it  serves  as  an 
aid  to  the  reader  desiring  to  view  the  data  presented  here 
in  the  context  of  the  existing  atmospheric  state,  at  the 
location  of  the  measurements,  in  terms  that  are  difficult 
to  quantify  and  which  are  therefore  seldom  reported.  It 
also  documents  general  observations  relevant  to  the  opera- 
tion of  the  optical  devices  over  long  path  lengths  in  the 
type  of  atmospheric  conditions  represented  at  SNI.  These 
notes  are  not  intended  to  be  complete  in  all  details  or 
provide  a log  of  variables  such  as  air  temperature,  dew 
point,  wind  speed  and  direction.  Other  reports  such  as 
reference  1 should  be  consulted  for  that  type  of  information. 

The  necessity  for  making  several  daily  trips  for  meals 
and  supplies  between  the  NRL  tower  and  the  island's  living 
quarters  afforded  good  opportunities  to  observe  meteorological 
conditions  in  the  vicinity  of  SNI.  The  tower  was  located 
near  sea  level  at  the  northwest  point  of  the  island  and 
the  living  quarters,  halfway  along  the  length  of  the  island, 
were  reached  via  a road  that  traverses  the  highest  part 
('^'300m  msl)  of  the  island  (Fig.  2)  . The  resultant  ability 
to  view  the  local  atmosphere  from  positions  at  sea  level 
up  to  300m  gives  a unique  perspective  not  available  to  ship- 
board observers  confined  to  sea  level  or  to  airborne  obser- 
vers able  to  be  only  occasionally  present,  or  sometimes 
restricted  by  low  stratus  conditions. 

Monday,  May  8 (Day  128) 

Skies  had  been  clear  and  blue  and  temperatures  warm 
the  preceding  two  days.  Today  the  sky  was  about  50%  covered 
all  day  with  cirrus  or  cirrostratus . Winds  were  light  but 
steady  until  early  evening  when  the  wind  direction  slowly, 
and  somewhat  irregularly,  moved  from  W to  SW. 

During  this  morning's  transit  to  the  NRL  tower  (lOOOh, 
PDT)  a definite  fog  bank  was  noted  in  the  distance  to  the 
south  of  SNI.  It  had  disappeared,  however,  bv  the  time 
of  the  next  ttansit  at  1630  PDT. 

There  was  otherwise  unusually  clear  "seeing"  this  day, 
with  the  islands  of  Santa  Rosa,  Santa  Cruz,  and  Santa  Barbara 
(Fig.  1)  being  easily  disccrnable  from  the  crest  of  SNI 
during  the  1630  PDT  transit.  The  former  two  islands  are 
some  80-90  km  distant,  the  later  about  50  km  away.  There 
was,  however,  a noticeable  amount  of  whitish  haze  visible 
low  against  the  sky  between  SW  and  N,  especially  in  the 
late  afternoon  when  the  sun  was  getting  low  in  that  quadrant. 
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(General  haziness  over  the  ocean  is  typically  more  notice- 
able when  revealed  by  forward  scattering  in  the  vicinity 
of  the  sun  when  the  sun  is  at  low  elevations.  For  a given 
sun  angle,  the  apparent  haziness  varies  from  day  to  day 
as  meteorological  conditions  change.) 

The  nightime  sky  up  until  2400  PDT,  at  least,  was  clear 
and  starry  with  stars  visible  to  within  10°  of  the  horizon 
in  all  directions  (SW  through  N to  SE)  accessible  from  the 
tower  location.  The  orange  colored  sky  glow  above  Los  Angeles 
was  distinctly  visible  in  the  distance. 

The  sea  was  calm  all  day  with  estimated  Sea  State  Two 
conditions  (rough  surface  with  some  low  swells  but  no  white- 
caps  at  all) . 


Tuesday,  May  9 (Day  129) 

On  the  high  road  portion  of  the  morning  transit  to  the 
NRL  tower  at  0800  PDT,  it  was  seen  that  SNI  was  completely 
surrounded  by  a low  fog  that  was  estimated  to  be  perhaps 
65-lOOm  thick.  From  above,  the  fog  appeared  dense  with  a 
sharply  delimited  top  and  clear,  blue  sky  above.  The  air 
over  the  upper  elevations  of  SNI  was  clear  and  no  fog  was 
encountered  along  the  road  until  about  the  200m  level  where 
the  road  begins  its  sharp  descent  to  the  NW  point.  The 
fog  was  thickest  just  below  its  upper  reaches  along  the 
road,  and  the  visibility  improved  somewhat  as  we  descended 
toward  sea  lev3l. 

On  arrival  at  the  NRL  field  site,  it  was  found  that 
the  tower  was  generally  shrouded  in  fog,  and  Site  A (up 
the  hill)  even  more  so.  The  fog  we  had  looked  down  upon 
from  the  crest  of  SNI  now  constituted  unbroken  overcast 
as  seen  from  sea  level. 

The  periodic  flashes  of  light  from  the  MRI  Visibility 
Meter  at  Site  A could  not  be  seen  from  the  NRL  tower  loca- 
tion at  this  time.  Site  D was  also  obscured. 

By  1000  PDT  the  fog  was  dissipating  noticeably,  the 
overcast  was  becoming  brighter  (thinner)  and  the  horizontal 
visibility  (VSBY)  was  much  improved  over  water  and  over 
the  lower  levels  of  the  island.  The  solar  disc  was  begin- 
ning to  show  occasionally.  Site  A was  now  clearly  fog  free 
but  the  upper  reaches  of  the  island  (as  viewed  from  the 
tower  site)  were  still  noticeably  shrouded  in  fog. 

By  1230  PDT  the  crest  of  SNI  (as  viewed  from  the  NRL 
site)  was  still  mostly  obscured  by  fog,  though  over  the 
sea  the  horizon  was  clearly  discernable.  The  sky  was  still 
100%  overcast,  however. 
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By  1300  PDT  the  fog  (stratus)  drifting  overhead  appeared 
to  be  breaking  up,  with  patches  of  blue  sky  visible  here 
and  there.  On  driving  back  to  the  living  quarters,  the 
windward  (NW)  crest  of  the  island  was  still  bathed  in  ground 
level  Cog,  although  the  fog  dissipated  before  it  advected 
more  than  a kilometer  or  so  along  the  ground.  It  was  evident 
that  the  island  was  intercepting  the  remaining,  thin  stratus 
deck  at  this  elevation  ('v200m)  as  the  stratus  advected  toward 
the  SE.  It  was  also  evident  that  the  island  intercepted 
the  stratus  at  a height  considerably  above  the  height  of 
the  deck  over  water  away  from  the  island.  That  is,  the  stratus 
was  being  augmented  and  strengthened  by  orographic  lifting 
as  it  advected  across  the  island,  in  a manner  represented 
schematically  in  Fig.  8. 

From  the  crest  of  the  island  one  could  see  that  the 
apparently  continuous  stratus  deck  still  surrounded  SNI 
and  extended  in  all  directions  (except  maybe  the  distant 
NE  and  E)  as  far  as  one  could  see. 

The  "crest  fog"  persisted  all  day  and  by  nightfall 
it  appeared  to  be  intensifying.  By  2200  PDT  fog  fragments 
were  drifting  overhead  as  far  as  the  living  quarters.  This 
suggested  that  the  fog  could  possibly  return  during  the 
night  as  the  ground  cooled  and  as  radiation  losses  from 
the  top  of  the  still-present  stratus  layer  at  sea  caused 
enough  cooling  to  produce  a "stratus  lowering"  situation. 
However,  no  f'^g  ever  appeared  (see  Met.  notes  for  May  10). 

In  summary,  from  the  NRL  tower  location  the  sky  appeared 
overcast  all  day  with  occasional,  small,  blue  sky  patches 
during  the  afternoon.  From  the  summit  of  the  island  the 
overhead  sky  was  clear  all  day  except  for  a 50%  cover  of 
thin  cirrostratus . The  stars  at  night  were  clearly  visible 
from  the  summit  of  the  island. 

The  sea  state  was  estimated  to  be  condition  three  all 
day  - - the  surface  was  rough  with  occasional  whitecaps 
most  of  the  day.  There  were  only  low  swells. 

Wednesday,  May  10  (Day  130) 

At  0800  PDT,  it  was  noted  that  the  sky  was  overcast 
over  the  entire  island  now  as  well  as  at  sea.  The  stratus 
deck  had  lifted  well  above  the  summit  of  the  island  during 
the  night.  The  stratus  top  (inversion  base)  was  obviously 
near  or  above  the  400  meter  level,  the  maximum  height  that 
appears  to  be  allowable  if  fog  is  to  form  at  sea  by  stratus 
lowering  mechanisms. 
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Thus  the  area  was  fog  free,  although  the  air  appeared 
to  be  quite  hazy  over  the  water,  especially  to  the  south 
and  downwind  of  SNI.  The  windward  crest  of  the  island  was 
no  longer  brushed  by  fog  (stratus  intersecting  the  island) , 
the  cloud  base  being  estimated  at  40  meters  or  more  above 
ground  at  this  location. 

As  viewed  from  the  crest  of  the  island,  the  air  appeared 
very  hazy  in  all  directions,  but  the  horizontal  VSBY  improved 
considerably  with  decreasing  altitude  of  the  observer  toward 
sea  level.  As  viewed  from  the  shore,  the  horizon  at  sea 
was  clear  and  sharp. 

The  sea  state  was  estimated  at  condition  four  with 
fairly  frequent  white  caps  present  by  0900  PDT. 

S)cy  conditions  remained  nearly  constant  during  the 
day  with  elevated,  broken,  thin  stratocumulus . The  windspeed 
increased  slowly  during  the  day  with  may  whitecaps  all  around, 
but  no  really  heavy,  crashing  swells. 

By  sundown  the  broken  stratus  layer  appeared  to  be 
thickening,  especially  over  the  windward  crest  of  the  island. 

In  the  late  evening  the  stratus  was  low  enough  to  bo  seen 
intermittently  obscuring  the  aircraft  beacon  light  on  the 
summit  of  the  island. 

Thursday,  May  11  (Day  131)  p 

\\ 

At  0600  PDT  the  sky  over  the  island  was  completely  H 

overcast  but  by  about  0715  the  overcast  had  all  but  disappeared.  fj 

During  the  drive  to  the  NRL  site,  it  was  found  that  the  rj 

windward  third  of  the  top  of  the  island  was  still  seeing 
about  a 50%  sky  cover  composed  of  small  stratus  fragments  i 

drifting  a few  hundred  tm*  overhead.  As  usual,  these  appear 
to  be  the  result  of  orographic  effects  on  this  end  of  the  1 

island. 

As  viewed  from  the  summit,  the  horizontal  lines  of  ! 

sight  were  very  hazy,  implying  that  the  high  relative  humidity 
present  at  this  elevation  had  swollen  the  aerosols  consider- 
ably. There  were  no  distinct  clouds  visible  at  sea  - - 
only  over  the  island. 


*The  tercimeter  (abbreviated,  tm)  is  a unit  of  length  defined 
hero  to  be  equal  to  one  third  of  a meter,  or  approximately 
one  foot.  Tliis  unit  is  useful  when  one  desires  to  be  consis- 
tent with  the  metric  system  of  nomenclature  but  finds  it 
otherwise  awkward  to  convert  an  imprecise  hut  common  expression 
in  units  of  feet  (eg.,  "a  few  hundred  feet")  to  a suitable 
metric  equivalent. 
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When  viewed  from  sea  level,  the  VSBY  was  much  improved 
and  the  at-sea  horizon  was  distinct.  There  was  still  a 
dark  haze  (almost  foglike)  at  sea  over  the  northern  quarter 
of  the  horizon. 

The  sea  state  at  0700-0900  PDT  was  estimated  at  condi- 
ton  3 with  fairly  frequent  white  caps,  but  not  as  numerous 
as  during  the  higher  winds  of  last  evening. 

By  1100  PDT  the  sky  was  blue  and  cloudless  in  all  direc- 
tions, as  seen  from  the  NRL  site,  except  for  a few  small 
fragments  continually  forming  over  the  windward  crest  of 
the  island.  As  one  looks  back  toward  the  "bluffs”  and  the 
crest  of  the  island  behind  Laser  Bay,  a whitish  haze  is 
noticeable  in  the  air  as  seen  against  the  darker  background 
of  the  bluffs.  This  is  probably  due  largely  to  surf-generated 
spray  drifting  and  diffusing  across  the  island.  By  this 
time  the  sea  was  calmer,  though,  with  almost  no  significant 
swells  and  with  only  an  occasional  whitecap. 

The  sky  remained  cloudless  all  day,  although  it  was 
again  noted  that  to  an  observer  on  top  of  the  island,  the 
horizon  is  more  hazy  than  when  viewed  from  sea  level.  In 
fact,  during  this  afternoon  from  about  1600  PDT  until  sunset 
at  about  2000h,  the  horizon  was  indistinguishable  in  all 
directions  when  viewed  from  the  crest,  but  was  clearly  dis- 
tinct and  not  especially  hazy  in  appearance  when  viewed 
from  sea  level. 

After  sunset  the  sky  was  still  cloudless  and  starry 
up  until  the  time  of  departure  from  the  NRL  site  at  2300h. 

From  sea  level,  stars  were  visible  down  to  within  20°  or 
less  from  the  horizon. 

Friday,  May  12  (Day  132) 

The  sky  was  still  clear  and  cloudless  at  0600h  and  re- 
mained so  all  day.  The  winds  were  weak  and  the  air  tempera- 
ture noticeably  higher  than  had  been  experienced  during 
the  preceding  part  of  the  week,  both  on  top  of  the  island 
and  at  sea  level.  The  low  windspeeds  observed  during  the 
day  at  the  NRL  site  were  probably  a weak  sea  breeze.  No 
wind  was  noticeable  at  the  living  quarters  area  higher  on 
the  island.  >• 

The  horizon  sky  was  slightly  grayish  but  otherwise 
relatively  clear  when  viewed  from  sea  level.  Horizontal 
haziness  was  again  much  more  pronounced  when  viewed  from 
the  top  of  the  island. 

The  sea  state  this  morning  was  estimated  at  condition 
2 - - no  white  caps  at  all. 
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Under  these  low  wlndspeed  conditions  the  sir  in  the 
first  five  meters  or  so  above  the  breaking  surf  in  the 
vicinity  of  the  NRL  tower  was  very  noticeably  "smoky"  with 
sea  spray  haze.  The  waves  were  not  very  large  but  the  break- 
ers were  very  foamy  and  long  lasting  as  they  washed  up  over 
the  rocky  shore.  Out  near  the  everpresent  offshore  breakers 
located  a kilometer  or  so  NW  of  the  tower,  one  could  also 
see  today  what  appears  to  be  a low  lying,  faint  "smoke" 
down  wind  from  those  breakers. 

The  previously  described  "blocked  sunbeam"  technique 
was  used  at  the  NRL  site  and  Site  A to  examine  the  influence 
of  this  surf  generated  spray  at  these  locations.  At  Site 
A the  observed  backscatter  in  the  sunbeeun  was  less  intense, 
but  with  more  short-term  fluctuations  than  seen  from  the 
ground  at  the  near  shore,  NRL  site.  This  indicated  that 
the  larger  "clouds"  of  spray  seen  drifting  past  the  NRL 
tower  at  the  rate  of  perhaps  four  or  five  per  minute  had 
broken  up  into  many  smaller,  fragmented  parcels  by  the  time 
they  drifted  up  to  Site  A. 

By  2200h  the  sky  was  still  clear  and  starry  with  the 
planet  Venus  visible  right  down  to  the  horizon.  The  air 
was  still  warm  and  the  winds  weak. 

Saturday,  May  13  (Day  133) 

The  air  was  warm  all  day  and  the  sky  was  cloudless  until 
about  noon  when  thin  cirrus  strands  appeared  in  the  distance 
to  the  NW.  This  cirrus  slowly  invaded  the  sky  and  the  leading 
strands  were  overhead  by  about  1600h.  The  marine  radio 
forecast  this  morning  told  of  a frontal  zone  extending  from 
the  Oregon  coast  to  a point  SW  of  San  Francisco.  The  observed 
cirrus  was  evidently  the  precursor  of  the  invading  cool 
air  forecast  for  tomorrow. 


This  weather  situation  appears  to  fit  the  classical, 
post  Santa  Ana  condition  where  warm  continental  air  which 
has  been  moving  westward  to  sea  the  last  two  days  was  now 
being  halted  at  the  approaching  front.  Continental  aerosols 
will  soon  be  pushed  back  ashore  after  a few  days  of  "condi- 
tioning" over  the  ocean.  The  marine  forecast  was  calling 
for  "fog  in  the  low  lying  areas  and  in  bays  and  inlets, 
with  some  increase  in  low'  level  cloudiness  tomorrow." 

The  general  haziness  was  judged  "moderately  light"  today 
compared  to  "moderate"  yesterday.  The  haze  still  apprears 
more  dense  when  viewed  from  the  top  of  the  island.  Never- 
theless, from  that  elevation  today  one  could  see  what  appeared 
to  be  the  top  of  one  of  the  islands  to  the  north  of  SNI . 
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The  late  evening  sky  was  starry  and  cloudless.  However, 
on  departing  the  NRL  site  at  2100h,  it  was  noted  that  the 
tower  was  wet  and  hazy  patches  of  backscatter  were  seen 
in  the  headlight  beams  during  the  transit  along  the  shore 
road.  All  conditions,  including  moist  air  and  a clear  sky, 
looked  right  for  a late  night  or  early  morning  fog. 

Sunday,  May  14  (Day  134) 

At  0630h  evaporating  fingers  of  fog  were  seen  drifting 
occasionally  through  the  living  quarters  complex  from  the 
NE.  The  sky  to  the  south  was  blue,  however. 

During  the  drive  to  the  NRL  site  at  0730h,  it  was  found 
from  the  vantage  point  of  the  crest  road  that  the  island 
was  nearly  surrounded  by  low  stratus  or  fog.  The  island 
itself  was  cloud  free,  except  for  the  NW  point.  The  stratus 
was  also  absent  over  the  sea  on  the  lee  side,  as  sketched 
in  Fig.  9.  The  wind  was  from  the  NE  and  from  the  descending 
road  one  could  see  fog  being  advected  across  the  NW  point 
at  the  NRI.  site.  The  fog  (stratus)  top  was  well  below  the 
crest  of  the  island  and  therefore  was  somewhere  between 
100  to  250m  above  sea  level. 

By  0900h  the  fog  had  nearly  disappeared  at  the  NRL 
site  as  the  leading  edges  receded  to  the  NE  along  the  shore- 
line. At  about  0945h  the  fog  began  advecting  back  in  from 
the  NE  for  a while.  But  then  the  horizontal  VSBY  began 
to  improve  rat.>idly  in  all  directions,  although  the  stratus 
still  provided  an  100%  overcast  as  viewed  from  the  NRL  site. 
The  RV  ACANIA,  which  was  at  anchor  about  IS  km  to  the  north, 
was  completely  obscured  until  about  lOOOh.  By  1015h  the 
horizontal  "seeing"  was  still  very  hazy  but  not  foggy. 

From  sea  level  the  horizon  was  discernable  in  all  directions 
at  this  time. 

At  1130h,  on  the  way  back  to  the  living  quarters,  the 
view  from  the  crest  road  vantage  point  showed  that  the  island 
was  now  completely  surrounded  by  the  stratus  with  only  a 
slight  clearing  along  the  shore  on  the  lee  side.  The  lee 
was  now  on  the  N and  NW  sides  instead  of  the  S and  SW  sides 
as  during  the  earlier  part  of  the  morning.  The  sky  was 
still  clear  and  cloudless  in  all  directions  above  the  low 
lying  stratus. 

The  marine  forecast,  valid  from  1600  PDT  today  until 
1600  PDT  tomorrow,  called  for  "fog  and  low  clouds  with  . 
occasional  reductions  in  VSBY  to  zero  tomorrow  morning, 
but  improving  after  noon  with  clouds  raising  to  about  800 
ft". 


At  about  IJOOh,  from  the  top  of  the  island  one  still 
looked  down  to  the  top  of  the  surrounding  stratus  but  the 
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top  seemed  to  be  higher  than  it  was  this  morning.  At  1330h, 
the.  ACANIA,  still  at  anchor  offshore,  was  reporting  the 
inversion  base  at  about  215m,  according  to  their  accoustic 
sounder.  At  the  NRL  site  at  this  time  the  skv  was  still 
completely  overcast,  the  air  was  hazy  and  the  horizon  was 
not  very  distinct. 

By  1600h  the  overcast  seen  from  the  NRL  site  was  just 
beginning  to  show  signs  of  breaking  up.  From  the  crest 
road  one  could  see  wisps  of  fog  still  licking  the  south 
shore  and  the  stratus  deck  was  noticeably  arched  up  as  it 
advected  against  the  windward  (NE  or  E)  side  of  the  island. 

The  stratus  top  was  still  below  the  crest  of  SNI. 

By  1745h,  on  the  way  back  to  the  NRL  site,  it  was  found 
that  all  the  fog  and  stratus  was  gone.'  It  was  now  cloudless 
everywhere  and  in  all  directions  except  for  a small,  residual 
patch  far  to  the  south  and  also  perhaps  far  to  the  NE. 

Viewed  from  sea  level,  the  sky  was  noticeably  clear  and 
haze  free.  The  horizon  was  clearly  visible  in  all  directions 
including  in  the  general  direction  of  the  late  afternoon 
sun  where  toward  scatter  normally  reveals  any  haziness  not 
otherwise  noticeable.  Additional  information  supplied  by 
other  CEWCOM  participants^^  revealed  that  the  local  Radon 
background  radioactivity  level  was  now  about  1 pCi/m^  and 
the  Aitken  (small  particle)  count  was  below  2000  cm~3  com- 
pared to  about  5000  cm”^  yesterday.  Both  of  these  measure- 
ments thus  indicated  the  presence  of  an  air  mass  more  typical 
of  open  ocean  contitions. 

Since  about  1600h  the  winds  had  been  increasing  slowly 
but  noticeably  from  a steady  NW  direction,  the  windspoed 
being  about  4 m/sec  at  1900h. 

By  1900h  a distinct  orographic  cloud  had  formed  over 
the  NW  (now  the  windward  side)  of  the  island.  The  cloud 
reached  the  ground  at  the  windward  crest  but  was  estimated 
to  be  not  more  than  two  or  three  hundred  tm  deep.  The  cloud 
was  sufficiently  dense  and  extensive  to  be  dark  gray,  however. 
By  1915h  it  had  dissipated. 

By  sundown  (1950  PDT)  the  sky  toward  the  NW  direction 
was  extremely  clear.  The  islaiivls  of  Santa  Rosa  and  Santa 
Cruz  to  the  north  of  SNI  could  be  seen  from  sea  level  for 
the  first  time  during  the  CEWCOM  exercise.  By  2200h  a few 
thin  wisps  of  orographic  cloud  were  present  again  at  a height 
of  about  30m  above  the  NW  crest  of  SNI. 


Monday,  May  15  (Day  135) 

The  morning  air  was  still  very  clear.  From  the  crest 
road  the  neighboring  islands  could  be  seen,  including  San 
Clemente  Island  to  the  SE.  This  latter  island  had  never 
been  visible  before. 

There  was  a 20%  cloud  cover  of  cirrostratus  seen  from 
sunup  until  about  OSOOh.  The  wind  was  steady  from  the  NW 
at  10  m/sec  now.  The  sea  was  rough  with  many  white  caps 
but  no  large  swells  yet.  The  radon  count  at  SNI  was  very 
low  - - nearly  at  the  residual  background  level  of  about 
1 pCi/m^,  indicating  either  a true  maritime  air  mass  or 
strong  subsidence  of  clean  air  from  aloft. 

By  1300h  the  wind  was  blowing  clouds  of  dust  up  the 
hill  between  the  NRL  site  and  Sites  A and  D.  Particle 
counters  and  nephelometers  at  these  "uphill"  sites  were 
no  doiibt  exposed  to  a significantly  higher  particle  concen- 
tration due  to  this  dust  in  addition  to  the  usual  surf 
generated  spray. 

By  1630h  the  seas  were  still  rough  with  the  waves  becom- 
ing more  organized  into  larger  rolls.  The  horizon  seen 
from  sea  level  was  still  very  distinct  and  the  sky  was  cloud- 
less. Very  little  haze  was  noticeable  even  against  the 
background  bluffs  behind  Laser  Bay  where  the  whitish  haze 
was  readily  apparent  some  of  the  time  last  week. 

The  lee  "ortex  effect  associated  with  the  large  waves 
and  described  in  an  earlier  section  of  this  report  was  observed 
today  from  the  NRL  site. 

Tuesday,  May  16  (Day  136) 

In  the  morning  the  wind  was  still  strong  from  the  NW. 

The  sky  was  cloudless  but  much  hazier  compared  to  yesterday. 

The  horizon  was  completely  obscured  when  viewed  from  the 
crest  road  and  even  the  sea  surface  nearby  was  difficult 
to  discern  except  close  to  the  shore  where  the  viewing  angle 
to  the  water  was  steep.  No  neighboring  islands  were  visible 
from  either  the  crest  or  the  shore  of  SNI  this  morning. 

The  sea  level  VSBY  was  much  better  than  from  the  crest  road, 
however,  the  horizons  being 


The  sea  was  still  covered  with  many  whitecaps,  as  well 
as  long,  rolling  waves  and  wind  sheared  crests. 


The  reduction  in  VSBY  from  yesterday  was  at  least  partly 
due  to  the  return  of  continental  air  to  SNI  even  though 
the  local  wind  direction  was  still  steady  from  the  NW  and 
had  been  for  the  last  40  hours.  The  evidence  for  the  con- 
tinental air  was  the  radon  background  activity^^  which  began 
to  increase  from  a minimum  of  about  1 pCi/m^  at  2100h  last 
night  and  had  reached  20  to  30  pCi/m^  by  OSOOh  this  morning. 


20 


r 


j 


In  the  early  afternoon  it  was  noted  that  a rather  well 
demarcated  band  of  smoke-like  spray  could  be  seen  drifting 
with  the  wind  up  the  hillside  as  one  looked  southwesterly 
to  the  shore  road  about  half  a kilometer  away.  The  situa- 
tion is  sketched  in  Fig.  10.  The  top  of  the  band  was  dis- 
cernable  against  the  blue  sky  background.  The  band  of  spray 
was  tenuous  but,  due  to  favorable  lighting  and  wind  and 
tide  conditions  at  this  time,  one  could  see  "globs"  of  spray 
moving  for  some  distance  uphill  from  the  shore.  This  surf 
spray  mechcuiism  is  generally  present  all  along  the  rocky 
shoreline,  but  the  favoradile  conditions  for  viewing  it  today 
made  it  quite  noticeable.  The  fact  that  there  was  a recog- 
nizable upper  boundary  to  this  aerosol  band  for  a distance 
of  at  least  100m  (the  approximate  maximum  length  of  band 
that  could  be  seen  from  any  one  location)  implies  that  the 
upward  mixing  is  slow  for  the  conditions  that  were  prevalent 
today . 

The  brownish  residue  that  collects  on  the  windward 
(seaward)  surfaces  of  the  tower  structure  during  high  wind 
conditions  was  seen  again  today.  The  one  previous  occurr- 
ence was  on  May  5 in  which  case  the  residue  had  apparently 
been  deposited  during  the  preceding  windy  night.  One  un- 
official explanation  was  that  it  is  a metabolism  product 
of  the  local  kelp  and  is  common  along  the  West  Coast. 

By  ISOOh  the  islands  of  Santa  Rosa  and  Santa  Cruz  could 
be  seen  from  the  crest  of  SNI.  However,  only  the  tops  of 
these  islands  appeared  to  be  visible,  the  bases  being  obscured 
by  a whitish  haze  layer  presumably  capped  by  a low  lying 
inversion.  Indeed  the  local  rawinsonde  at  1450  PDT  showed 
a moderate  inversion  of  .H°C  between  180  and  290m.  In  addi- 
tion there  was  a strong  humidity  gradient  leading  to  drier 
air  above.  This  dry  air  above  the  low  lying  inversion  was 
evidently  a precursor  of  the  strong  Santa  Ana  conditions 
that  were  soon  to  reach  the  island. 

At  about  midnight  the  surface  winds  abruptly  changed 
from  NW  to  NE  and  dropped  to  about  3 m/sec. 

Wednesday,  May  17  (Day  147) 


At  0800h  the  air  was  warm,  the  sky  was  cloudless  and 
the  VSBYwas  excellent.  The  view  of  the  islands  to  the 
north  was  the  clearest  yet,  especially  from  the  crest  road 
where  even  the  front  range  of  mountains  on  the  mainland 
could  be  seen  behind  the  islands.  Although  the  VSBY  at 
sea  level  was  worse  than  from  the  crest  road,  contrary  to 
the  usual  situation  noted  so  often  before,  one  of  the  north- 
ern islands  was  obviously  more  distinct  than  ever  before 
when  viewed  from  sea  level. 
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The  sea  was  much  calmer  this  morning.  It  was  not  smooth, 
but  there  were  no  whitecaps  either.  There  were  still  some 
long  rolls  of  medium  height  coming  in  to  shore. 

From  the  crest  of  SNI  one  could  see  a thin  brown,  pollu- 
tion layer  in  the  distance  near  the  horizon  and  extending 
from  the  NE  quadrant  to  the  SW.  From  sea  level  it  was  seen 
that  this  brown  band  was  separated  from  the  sea  surface 
by  a clear,  shallow  layer.  Later,  by  about  0930h,  these 
fine  variations  could  no  longer  be  discerned.  This  again 
emphasized  the  fact  that  various  observations  depend  on 
having  the  correct  angle  and  intensity  of  solar  illumination 
for  best  contrast,  highlighting,  etc. 

The  radon  counts  were  hitting  a record  high  corresponding 
to  about  50  pCi/m^.  At  0930h  there  was  a strong  humidity 
gradient  over  the  20  meters  separating  the  upper  and  lower 
instrument  booms  on  the  NRL  tower.  The  sensors  at  the  23m 
(msl)  level  indicated  50%  RH  compared  to  60%  at  the  11m 
(msl)  level. 

During  the  remainder  of  the  morning  and  early  afternoon 
y there  were  strong  fluctuations  in  air  temperature  and  dew 

point  at  and  between  the  two  instrument  boom  levels.  These 
were  the  result  of  intermittent  penetrations  of  the  over- 
lying,  hot,  dry  Santa  Ana  air  down  to  the  levels  of  the 
sensors  on  the  tower.  The  marine  layer  was  thus  very  shal- 
low at  this  time. 

At  about  1500h,  the  wind  shifted  back  to  the  NW  and 
the  air  temperature  and  dev;  point  returned  to  normal,  more 
steady  values.  At  this  time  a growing  cunount  of  cirrus 
filaments  and  cirrostratus  was  noted  in  the  distance  to 
the  SW.  The  cirrus  slowly  invaded  the  sky  and  was  overhead 
by  sundown  with  more  extensive  overcast  behind  it.  This 
I appeared  to  signify  the  arrival  of  a warmer  air  mass  from 

the  SW. 

Thursday,  May  18  (Day  138) 

The  morning  skies  were  blue  and  clear  except  for  a few 
cirrus  hooks  in  the  sky  from  the  SW  to  overhead.  The  VSBY 
was  good.  The  northern  islands  could  be  seen  from  the  crest 
road,  and  one  of  them  was  discernable  from  the  shore  at 
I about  0800h.  It  was  noted  that  the  smoke  from  a ship  to 

the  south  of  SNI  was  flattened  at  a height  of  100m  or  so, 
indicating  a significant  inversion  at  that  level.  One  could 
even  feel  the  air  temperature  becoming  cooler  during  the 
! descent  of  the  island  road  tov;ard  the  shore,  confirming 

; a significant  inversion  with  its  base  well  below  the  crest 

I of  SNI.  From  the  sea  level  site,  one  could  also  see  a low, 

whitish  band  over  the  water  to  the  E and  NE,  again  implying 
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a sea  spray  band  being  held  down  by  a low  inversion.  By 
0930h  the  band  was  no  longer  recognizable  against  the  brighter 
sky,  again  emphasizing  the  importance  of  taking  advantage 
of  favorable  sun  angles  during  the  short  opportunities  avail- 
able for  a given  region  of  the  sky.  The  air  over  the  ocean 
appeared  clean  and  not  especially  hazy,  but  one  could  see 
a definite  whiteness  to  the  air  when  viewed  against  the 
backdrop  of  hills  behind  Laser  Bay. 

The  sky  remained  clear  and  cloudless  the  rest  of  the 
day,  except  for  the  few  cirrus  filaments  in  the  morning. 

Soon  after  sundown  the  air  temperature  began  to  decline 
and  the  increasing  relative  humidity  caused  copious  amounts 
of  moisture  to  form  on  the  tower  structures.  The  high  rela- 
tive humidity,  low  winds,  low  inversion  and  clear  sky  were 
good  conditions  for  the  formation  of  fog  which  did  appear 
at  0320  PDT  the  following  morning. 

Friday,  May  19  (Day  139) 

Fog  set  in  suddenly  at  about  0330h  PDT.  The  fog  felt 
very  wet  with  suspected  drizzle  drops  noticeable  especially 
on  the  upper  reaches  of  the  tower.  In  general  the  fog  was 
not  of  "pea  soup"  density  near  the  NRL  location,  however, 
and  the  fog  seemed  to  be  drier  and  less  dense  near  the  ground. 
There  was  again  an  orographic  intensification  over  the  NW 
hill  of  SNI,  including  the  slope  containing  Site  A!  The 
area  near  Site  A was  often  more  noticeably  shrouded  than 
elsewhere  in  che  immediate  vicinity. 

By  about  0630h  PDT  the  fog  was  thinning  noticeably  in 
the  lower  30m.  During  the  drive  from  the  NRL  site  toward 
the  SNI  living  quarters  at  this  time,  "pea  soup"  fog  was 
encountered  near  the  NW  crest  where  orographic  intensifica- 
tion is  usually  seen.  The  crest  road  and  the  portion  of 
the  island  above  about  250m  were  open  to  clear  blue  sky 
above.  From  the  top  of  the  island  one  looked  out  over  solid 
stratus  in  all  directions  with  a well  marked  top  at  an  esti- 
mated 250-270m  above  sea  level.  The  stratus  mass  was  flow- 
ing past  SNI  like  a river  toward  the  SE. 

At  1300h  the  stratus  coverage  still  looked  about  the 
same  when  viewed  from  above,  but  it  had  eroded  away  under- 
neath to  a height  of  several  hundred  tm.  The  stratus  re- 
mained around  the  island  all  day  with  the  top  at  a nearly 
constant  height  and  flowing  past  SNI  toward  the  SE. 


By  about  1600h  the  underside  of  the  stratus  appeared 
to  be  slowly  lowering  and  the  VSBY  at  sea  level  decreased 
to  a heavy  haze  - - nearly  a fog  condition.  The  VSBY  then 
vascillated  somewhat  with  slow,  occasional  improvements 
during  the  remainder  of  the  day. 
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By  IBOOh  the  wind  had  increased  somewhat  and  occasional 
whitecaps  were  seen  at  this  time  in  addition  to  the  moderately 
rough  seas  present  during  the  day. 

The  ovo trust  (from  sea  level  observation  points)  remained 
throughout  the  night  but  apparently  no  fog  recurred  at  the 
sea  level  sites.  At  about  2200h  fingers  of  fog  were  seen 
encroaching  on  the  living  quarters  complex,  however.  This 
was  evidently  a result  of  a rise  and  a strenghtening  oJ 
the  stratus  deck  toward  the  island. 

Saturday,  May  20  (Hay  140) 

At  0(>J0h  it  was  noted  that  the  entire  island  was  now 
100%  overcast  with  fog  visible  at  ground  level  at  the  NW 
crest.  The  overcast  remained  all  morning,  but  by  about 
noon  the  clouds  began  to  dissipate  over  the  SB  half  of  the 
island.  By  MOOh  the  sky  was  90%  clear  and  blue  over  the 
SB  halt  of  SNl  but  the  NW  crest  area  remained  foggy  all 
day.  Similarly,  the  sky  in  all  directions  accessible  from 
the  NRI.  lower  site  remained  100%  overcast  all  day,  except 
for  an  occasional,  thin  opening  during  the  late  afternoon. 

The  winds  increased  very  slowly  during  the  day  and  pro- 
duced a moderate  number  of  whitecaps  by  mid  or  late  after- 
noon . 

Sunday,  May  21  (Day  141)  j 

At  06  iOh  I’lvr  the  sky  was  still  100%  overcast  in  all 
directions  with  cloud  base  estimated  to  be  at  500m  or  higher 
above  sea  level.  As  is  most  frequently  the  case,  the  air 
over  the  occ'un  appeared  very  hazy  when  viewed  from  the  top 
of  the  island  and  the  horizons  were  very  obscured.  At  sea 
level,  howev’er,  the  VSBY  was  quite  good  and  the  horizon 
was  sharp  and  clear  against  the  overcast  sky.  The  airspace 
against  the  backdrop  of  hills  behind  Laser  Bay  appeared 
to  be  clear  cis  viewed  in  the  diffuse,  available  light. 

i 

The  100%  overcast  persisted  until  about  1530h  PDT  when 
the  stratus  deck  began  breaking  up  and  one  could  see  the  ' 

westward  edge  of  the  cloud  sheet  slowly  moving  SB  toward  | 

SNI.  By  16J0h  the  western  half  of  the  sky  was  blue  and 

cloud l<’ss.  The  horizons  were  very  sharp  with  no  d iswrnable  ^ 

haze  aiu’wljere,  not  even  in  the  direction  where  the  sun  norm- 
ally highliglits  existing  haze  by  forward  scattering.  At  -i 

this  time  the  witut  was  still  moderate  at  about  7 m/sec  and 
there  wer<'  f t ecjuent  whiiecans  everywhere,  ns  had  b«'en  the 
case  most  of  I lu'  day. 

By  IROOh  the  entire  sky  was  clear  and  blue.  Brom  the 
crest  of  the  island  the  horizon  appeared  very  hazy  and  much 
less  distinct  than  from  sea  level  at  this  time. 


24 


Monday,  May  22  (Day  142) 


r 


I’he  morning  sky  was  about  501  cloud  covered  above  SNI 
and  in  the  local  area.  On  the  flight  to  Pt.  Mugu  this  morn- 
ing it  was  noted  that  the  broken  cloud  cover  merged  into 
continuous  stratus  just  E or  NE  of  SNI.  The  stratus  extended 
all  the  way  to  the  coast  line  at  least,  with  base  and  top 
estimated  at  about  500m  and  1000m,  roapoctlvoly . The  stratus 
was  evidently  topped  by  an  inversion  and  the  sky  was  clear 
and  blue  above.  Below  the  stratus  dock  the  air  was  very 
hazy  and  carried  an  odor  typical  of  the  ozone- vt'h i do  cinlMsii>i» 
flavor  frequently  associated  with  the  air  over  urban  areas. 

During  the  latter  part  of  the  day  the  wind  increased 
at  SNI  and  was  quite  strong  by  nightfall. 

Tuesday,  May  2J  (Day  14J) 

At  0830h  the  sky  at  SNI  was  noted  to  be  clear  and  cloud- 
less with  strong  winds  which  were  clocked  out  of  the  NW 
at  about  18  m/soc,  gusting  to  20  m/sec  at  lOOOh.  The  rela- 
tively humidity  was  only  70-75%  and  the  sea  was  heavily 
laden  with  white  caps  and  white  water  evex-ywhere.  These 
were  probably  the  roughest  seas  that  had  been  seen  so  fxxr 
during  CEWCOM-78. 

The  VSBY  at  sea  level  was  again  surprisingly  good  nnd 
the  horizon  was  sharp  nnd  clear.  The  air  above  the  horizons 
was  whitish  but  not  exceptionally  so.  As  usual,  when  viewed 
from  the  top  of  the  island  the  VSBY  is  quite  poor  nnd  the 
air  at  a distance  (looking  toward  the  liorizons)  is  very 
hazy  and  whitish,  nnd  the  horizon  itself  is  very  obscured. 
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Fig.  1 - Map  showing  the  location  of  San  Nicolas  Island  and  the 
neighboring  Channel  Islands  off  the  coast  of  southern  California 
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Fig.  2 - Map  of  San  Nicolas  Island  showing  the  location  of  various  Installations 
including  the  NRL  tower  site  and  OSP  Site  A on  the  northwest  point  of  the  Islan 
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(•land  showing  the  location  of  various  Installations, 
and  OSP  Site  A on  the  northwest  point  of  the  Island 
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in  position  at  the  base  of  the  tower.  The  aerosol  sizing  probe  was  mounted  on  the  second 
landing  from  the  top  of  the  tower. 
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PARTICLE  DIAMETER  (,.m) 

PIr.  5 - Typical  particle  size  spectra  indicated  by  the  optical 
sizing  instruments  during  the  May  18  probe  comparison  session. 
Plotting  symbols:  MRL-ASSP  ranges  {#,  0,5-7.5|jm;  A , l-15pm; 
X,  2-30Mm),  NOSC-ASSP  ranges  (□,  0.5-7,5/um,  , l-15pm),  NRL- 

Royco  size  channels  (I— 0—1).  The  solid  lines  are  arbitrarily 
drawn  through  the  data  points. 
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PARTICLE  DIAMETER  0<ni) 

Fig.  6 - Particle  aiie  apectra  indicated  by  the  NRL-owned  ASSP 
and  the  General  Dynamica-owned  CSAS  probe  during  the  May  18 
probe  compariaon  aeaaion.  Plotting  aynbola:  NRL-ASSP  rangea 
(e,  0.5-7. Spin;  x,  2-30viRO,  GD-CSAS  rangea  (o,  015-2. 7Spm;  □, 
l-12.25pin).  The  ainooth  curve  ia  an  arbitrary  line  drawn  through 
the  NRL  data  pointa. 


^^8*  1 ~ Illustration  of  the  effect  of  the  lee  vortex  from  a large, 
cresting  wave  during  strong  wind  conditions.  Much  of  the  spray  which 
Is  formed  by  the  whltecap  on  the  crest  and  sheared  off  by  the  wind 
Is  quickly  driven  back  down  to  the  water  surface  by  the  vortex. 
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Fig.  8 - Schematic  representation  of  the  orographic  lifting  which 
occurred  May  9 over  the  northwest  crest  of  the  island  as  the  sur- 
rounding stratus  deck  advected  from  the  northwest  past  SNI,  The 
Island  Is  shown  in  a crosa-aectlonal  profile  as  viewed  looking 
southwest  and  at  right  angles  to  the  wind. 
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Schematic  representation  of  the  distribution  of  the 
deck  in  the  vicinity  of  SNl  on  the  morning  of  May  lA 


Fig.  Al)  - Pilot  opt  a ph  taken  at  a later  time  to  illustrate  a typical  stratus 
condition  during  tlio  May  measurement  session.  View  is  from  the  crest  of 
SNI  looking  nortii  tiiwards  the  living  quarters  complex. 
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